Purpose: This study examined whether participants who learned research results related to a germline CDKN2A variant known to be associated with increased risk of pancreatic cancer and malignant melanoma would pursue confirmatory testing and cancer screening, share the genetic information with health care providers and family, and change risk perceptions.
INTRODUCTION
Participants in genetic research studies expect to be offered the opportunity to learn their genetic results, especially when those results indicate health risks; moreover, some consider being offered their research results as a sign of respect by the investigators for their research participation. 1, 2 It is increasingly accepted that individual genetic results that carry potential benefit and are uncovered during research may be offered. It is recommended that research results be offered when the participant can decline to learn their result, there is referral for appropriate clinical follow-up, and the result is actionable. 1 However, researchers are not obligated to return research results. [3] [4] [5] As new knowledge emerges, investigators are faced with ethical and practical questions of whether and how they should disclose genetic results to research participants. Unlike in the clinical setting, genetic research results are likely unexpected by participants; disclosing them is optional and aimed to signal to research participants the need to seek further testing and prevention. 6, 7 A potential benefit of learning genetic research results for participants, particularly those results related to cancer risk, is their ability to engage in prevention and early detection through screening. Nevertheless, investigators who wish to offer results continue to struggle with the "what, when, and how" of doing so, partly because there are limited data charting the course and outcomes of different approaches to returning individual research findings. 8 In the context of genetic research results, it is important to understand participants' intentions and behaviors surrounding the result. Of primary interest is (1) how they act upon this information regarding seeking confirmatory testing in a CLIA-certified laboratory if initial results are obtained in a research laboratory, (2) whether and with whom they share the result, and (3) the extent to which the result, if confirmed, motivates appropriate behaviors, i.e., screening for those with elevated risk due to cancer risk genes. This study sought to increase knowledge on the course of these behavioral outcomes in the context of one approach to disclosing cancer risk related individual genetic research results.
Variants in the tumor suppressor gene cyclin dependent kinase inhibitor 2a (CDKN2A) are associated with increased risk of pancreatic cancer (PC) and malignant cutaneous melanoma. 9, 10 It is estimated that by age 80, penetrance for CDKN2A variant carriers may be as high as 58% for PC and 39% for malignant melanoma. 9 PC remains one of the most challenging of all cancers. It is often asymptomatic until it has advanced to a late stage, when treatments are less optimal, resulting in a 5-year survival rate of 8.2% 11, 12 . Approximately 5-10% of them are familial PC, which is defined as having at least two first-degree relatives diagnosed with PC. 13 Melanoma, however, has a current overall 5-year survival rate of 91.8% 14 ) , with 5-12% of cases estimated to be familial. 15 Routine screening for PC is currently not recommended for asymptomatic individuals; however, asymptomatic individuals with a genetic predisposition are recommended to undergo surveillance with endoscopic ultrasound and/or magnetic resonance imaging (MRI) of the pancreas. 16, 17 Effective screening and prevention measures for melanoma exist, including a full-body skin exam by a clinician and protection from sun exposure. 18 A variant in CDKN2A is estimated to account for 30-40% of patients affected by familial PC or familial melanoma. 15, 19 Offering CDKN2A genetic research results to research participants will inform risk assessment and screening decisions for PC and melanoma. Likewise, given that genetic testing for CDKN2A variants is available clinically, offering results enables cascade testing of the variant among participants' blood relatives. Understanding the impact on participants is valuable for investigators because it can inform decisions regarding whether to offer results and help guide the development of best practices when investigators offer results.
In research registry settings, existing retrospective and prospective studies on the impact of disclosing CDKN2A variant status focused on melanoma only and revealed mixed results. For example, two studies that returned clinically confirmed genetic test results in person found increased adherence to skin exams 20, 21 while two studies that returned non-clinically confirmed genetic research results in person found few changes in melanoma screening behaviors. 22, 23 Given that limited data exist regarding the impact of returning CDKN2A genetic research results, especially those that relate to PC associated perceptions and behaviors, we conducted a prospective disclosure study within a cohort of PC family registry participants. Participants in this registry are from families that experience a high burden of cancer and the investigators elected to disclose the CDKN2A genetic variant findings to participants who wanted to know.
Specifically, we aimed to examine the impact of disclosing CDKN2A genetic research results (positive or negative for a specific variant) on participants' confirmatory testing intention and behavior; communication regarding the result with family and health care providers; PC and melanoma concern; and screening behaviors prior to, at the time of, and six months following disclosure.
MATERIALS AND METHODS

Study design and participants
This study, Learning About Research Gene Outcomes (LARGO), was approved by the Mayo Clinic Institutional Review Board. This study was a subproject under the parent study, Biospecimen Resource for Pancreas Research, which is an ongoing cohort consisting of family members (blood relatives and spouses/partners) of PC patients recruited at Mayo Clinic. As part of the parent study, 24 participants provided a biological sample (saliva or blood) for research and completed a demographic and risk factor questionnaire that included age, sex, race, ethnicity, marital status, education level, number of biological children, and personal cancer history. All participants have a family history of PC and melanoma. In the course of gene discovery and genetic epidemiologic research of PC, biological samples were analyzed for the presence/absence of the variant L16R c.47T>G (p.Leu16Arg) in the CDKN2A gene in several large kindreds that segregated this variant. At the time of the study, this variant was classified as a variant of uncertain significance, 25 but our research showed it was likely pathogenic and it is now classified as pathogenic/likely pathogenic in ClinVar. 9, 10, 26, 27 Individuals whose samples were tested were notified via mail that their sample was analyzed for one specific genetic variant associated with cancer and invited to learn their genetic research result by phone and to participate in the LARGO study. Participants could choose to (1) learn the result and participate in LARGO, (2) learn the result but not participate in LARGO, or (3) decline both opportunities. One repeat mailing was sent to initial nonresponders.
Procedures and measures
Informed consent was received from all LARGO participants. The LARGO study included data collection time points at predisclosure (survey 1), immediately postdisclosure (survey 2), and six months postdisclosure (survey 3). The choice of psychosocial constructs for the LARGO surveys was guided by dominant constructs within published literature on return of genetic results (e.g., family communication, satisfaction with genetic counseling, and psychological impact) and theoretical constructs derived from an integrative model of behavior including determinants of behavioral intention (e.g., affect/ emotion and beliefs), 28 as well as predictors of behavior such as knowledge/skills surrounding confirmatory testing and cancer screening. Survey 1 was mailed with the invitation letter to learn results and included questions pertaining to PC and melanoma concern with the response options not at all, slightly, moderately, extremely concerned; perceived likelihood of developing PC (very unlikely, somewhat unlikely, somewhat likely, very likely, I have no feeling or opinion on my chances of getting pancreatic cancer); and chance of developing melanoma (below average, average, above average). Additional items assessed communicating with health care providers about PC and melanoma, with the options no; yes, about my risk for it; yes, about how to prevent it; yes, about screening for it. Screening intentions surrounding PC ("What are your thoughts about getting an endoscopic ultrasound exam or MRI/MRCP within the next six months to check for pancreatic cancer?") and melanoma ("What are your thoughts about getting a skin exam within the next six months to check for melanoma?") were assessed with the following options: thinking about it, definitely planning on it, not planning on it, have not thought about it.
Upon return of a completed survey 1, disclosure of genetic research results under the LARGO protocol was scheduled. Typically, negative results are returned by mail while positive results are returned in person. However, in this study, inperson delivery was infeasible because participants lived across the United States. Therefore, all results were disclosed over the telephone by the gene discovery principal investigator (G.M.P.), who is certified by the American Board of Medical Genetics. Disclosure calls were audio-recorded after explicit permission from participants. All participants received a clear indication of the status of the L16R variant in the CDKN2A gene (whether one was positive for the variant [carrier] or negative [noncarrier] ) and the implications of the result with regard to PC and melanoma risk. Specifically, participants were informed that if the result is confirmed in a CLIA-certified lab, for carriers, the lifetime risk for PC and melanoma could be up to 60-70% and 30-40%, respectively; for noncarriers, their lifetime risks for PC and melanoma are at the general population level. G.M.P. also discussed the difference between research and CLIAcertified laboratories, recommended that the research result be confirmed in a CLIA-certified laboratory and shared with their health care provider, and provided PC and melanoma prevention counseling that included recommendations regarding diet, physical activity, sun protection, limiting alcohol consumption, and not smoking. The counseling was not tailored based on self-reported cancer screening and prevention behaviors. The terms "mutation" and "variant" were both used during the disclosure call.
Participants were informed that they would receive a written follow-up letter in the mail summarizing their result and suggestions for confirmatory testing, as well as PC and melanoma screening and prevention. 13, 29, 30 The disclosure concluded when all questions about the genetic result were answered to the participant's satisfaction and G.M.P. disengaged from the call and exited the room. A trained interviewer (E.R.L. or C.R.B.) recorded observations (i.e., checklist items and field notes) during the disclosure to describe the participant's engagement in the conversation; G.M.P. also recorded observations independently after exiting the room.
During the same telephone call, the interviewer initiated survey 2 after the result disclosure and received permission to audio-record the survey. The survey included checking participants' understanding, i.e., knowing their variant status and what the variant was related to (risk of PC and melanoma), and capturing initial reactions to hearing the result. Additional questions addressed satisfaction with the disclosure process, and intentions regarding sharing their result with health care providers and family, pursuing confirmatory testing, and seeking PC and melanoma screening. Approximately six months after disclosure, survey 3 was mailed with one repeat mailing to initial nonresponders. This survey repeated questions from surveys 1 and 2 regarding PC and melanoma related perceptions and behaviors as well as confirmatory testing and communication of the result with health care providers and family.
The current paper presents data regarding perceptions (cancer concern and perceived risk) and behaviors (communicating with health care providers, attending cancer screening, sharing the result with family, and pursuing confirmatory testing) following disclosure of CDKN2A variant status among research participants from PC kindreds.
Statistical analysis
Analyses were performed using SAS (Release 9.4. Cary, NC: SAS Institute, 1997). Descriptive data are presented as frequencies (n) and percentages (%), with missing data excluded. For ease of presentation, we dichotomized responses to cancer concern (lack of concern [not at all/ slightly concerned] versus moderate/extreme concern) and screening intentions (not planning [have not thought about it/ not planning/thinking about it] versus definitely planning). For perceived PC risk, "very unlikely" and "somewhat unlikely" were combined into one category and "somewhat likely" and "very likely" were combined into one category. Group comparisons were evaluated using Welch's t tests or Fisher's exact tests, as appropriate. Statistical significance was declared at p < 0.05.
RESULTS
Sample characteristics
A total of 133 participants were invited to learn their genetic research result and 93 (69.9%) responded affirmatively (Fig. 1) . Specifically, 80 (60%) elected to learn their results and enroll in the LARGO study, 13 (9.8%) elected to learn their results but declined LARGO participation, and 7 (5.3%) declined learning results; 33 (24.8%) did not respond. Seventy-three (91.3%) of those who returned survey 1 completed the result disclosure process. Seventy-two participants completed survey 2; 1 participant withdrew immediately after learning the result, and 1 participant completed survey 2 but requested not to receive survey 3. Of the 71 participants who were mailed survey 3, 63 (88.7%) returned a completed survey. Fifteen participants were carriers of the variant, 40 were blood relative noncarriers, and 8 were spouses. Data from the carriers and blood relative noncarriers who completed the study at all three time points were used in the analyses. Data from the spouses were excluded.
Participants self-identified as white, non-Hispanic, with a median age of 57 years for carriers (range 37-75) and 56 years for blood relative noncarriers (range 28-90). Most participants were female (65.5%), married (76.4%), and reported having one or more biological children (80%). Six (40%) carriers reported a personal history of cancer, as compared with ten (25%) blood relative noncarriers (p = 0.326). No differences in sociodemographic characteristics by variant status reached statistical significance ( Table 1) .
All participants correctly identified whether or not they carried the variant. Carriers identified that the variant was related to an increased risk of PC and melanoma.
PC concern, perceived risk, screening intentions, and behavior Carriers had greater concern for developing PC compared with noncarriers at predisclosure (p = 0.009) and six months postdisclosure (p < 0.001) ( Table 2 ). At predisclosure, there was no difference between carriers and noncarriers regarding perceived lifetime risk of PC; however, at six months postdisclosure, 100% of carriers versus 56.5% (n = 22) of noncarriers indicated they were "somewhat" or "very" likely to develop PC in their lifetime (p = 0.008) ( Table 2) . At disclosure, 85.7% (n = 12) of carriers indicated that they planned to have their pancreas checked in the next six months; 46.7% (n = 7) reported doing so six months postdisclosure ( Table 3) . Melanoma concern, perceived risk, screening intentions, and behavior
As with PC, carriers had greater concern for developing melanoma compared with noncarriers at predisclosure (p = 0.022) and six months postdisclosure (p = 0.021). However, this difference became nonsignificant when seven participants with melanoma history were excluded from analysis (p = 0.095 and p = 0.211) ( Table 2) . Compared with noncarriers, a greater proportion of carriers also reported "above average" likelihood of developing melanoma in their lifetime, both at predisclosure (p < 0.001) and six months postdisclosure (p = 0.002). Excluding those with melanoma history did not change the results (p = 0.002 and p = 0.033) ( Table 2) . At disclosure, 93.3% (n = 14) of carriers indicated that they intended to have a skin exam in the next six months; at six months postdisclosure, 71.4% (n = 10) reported receiving an exam ( Table 3) . Among noncarriers, 30.8% (n = 12) reported having a skin exam in the last six months.
Communication with health care providers about cancer
Prior to disclosure, 60% (n = 33) of blood relative participants reported that they had communicated with their health care provider about PC and 63.6% (n = 35) about melanoma (including seven participants with melanoma history). At six months postdisclosure, 92.9% of participants who learned they were carriers (n = 13) reported communicating with their health care providers about PC, compared with 41% of noncarriers (n = 16; p = 0.001). At six months postdisclosure, 85.7% (n = 12) of carriers had communicated with their health care providers about melanoma compared with 43.6% (n = 17; p = 0.011) of noncarriers ( Table 4) .
Communication regarding the genetic research result
At disclosure, all carriers indicated that they "definitely plan to" communicate with their health care providers about the result in the next 6 months, compared with 82.5% of noncarriers (n = 33, p = 0.17). At six months postdisclosure, 78.6% (n = 11) of carriers communicated to their health care providers about the result compared with 41% (n = 16) of noncarriers (p = 0.028). Among those who communicated with their providers about the result, 90.9% (n = 10) of carriers and 93.8% (n = 15) of noncarriers (p = 1.00) discussed PC and melanoma risks, attending cancer screening, and importance of a healthy lifestyle for cancer prevention. At disclosure, all participants intended to tell at least one family member about the research result and at six months postdisclosure, all participants reported telling at least one family member ( Table 4) .
Confirmatory testing
Testing for the genetic variant reported in this study was conducted in a research laboratory; therefore, all participants were instructed to have their results confirmed in a CLIAcertified laboratory. Despite these instructions, 73.3% (n = 11) of carriers and 47.5% (n = 19) of noncarriers indicated during survey 2 that they intended to seek confirmatory testing. At six months postdisclosure, 20% (n = 3) of carriers and 2.5% (n = 1) of noncarriers reported seeking confirmatory testing. Among those who did not, five carriers and four noncarriers decided to seek testing in the future, two carriers and 40% of noncarriers (n = 15) had not decided, and around one-third of carriers (n = 4) and noncarriers (n = 14) indicated that they decided not to seek retesting.
DISCUSSION
This study examined the impact of returning individual genetic research results related to cancer risk among participants in a PC research registry. Specifically, this investigation examined intentions and behaviors regarding confirmatory testing of the result, PC and melanoma screening, and cancer risk communication with family and health care providers among individuals found to test positive or negative for a specific CDKN2A variant. Consistent with other reports, 1,2 a majority of individuals who were invited to learn a genetic research result accepted the invitation. In this study, both positive and negative results were disclosed, and the implications of their carrier status were explained. Carriers and noncarriers were significantly different (in the expected direction) at six months postdisclosure regarding PC concern and perceived lifetime risk for PC and melanoma, and cancer screening intentions. While there was greater concern among carriers regarding their PC risk, and most carriers reported intentions to seek cancer Decided to have an endoscopic ultrasound, made appointment, but it hasn't happened yet 1 12.5 1 2.7
Made an appointment, missed it, haven't rescheduled screening, not all carriers who intended to be screened did so within six months. Nonetheless, most carriers who were not screened at six months postdisclosure planned to seek cancer screening in the near future, suggesting that a longer followup interval may capture additional screening behavior. There were differences between participants' perceptions and behaviors concerning PC versus melanoma. Regardless of variant status, more participants expressed "moderate/ extreme" concern about PC compared with melanoma both at predisclosure and six months postdisclosure, likely due to participants' understanding of the two cancers. In addition, more carriers received melanoma screening than PC screening at six months postdisclosure, likely reflecting that melanoma screening is more readily accessible and less invasive than current methods of PC screening. Future research should explore the various factors that disrupt the intention-behavior relationship, including barriers to cancer screening among those at increased genetic risk as well as multilevel disincentives such as high cost, inadequate insurance coverage, lack of access to clinics providing specialty care, and clinician unfamiliarity with genetic results.
Consistent with previous research, 31 a greater proportion of carriers than noncarriers reported sharing their result and communicating about cancer with their health care providers. This finding suggests that carriers perceived greater urgency in communicating about cancer risk than did noncarriers, having done so within six months of learning the result. It is important to note that in most cases, these conversations were likely initiated in the absence of confirmatory testing. As noted above, a longer follow-up interval may have revealed additional conversations among noncarriers, particularly as they occurred with health care providers during an annual visit that exceeded the six-month time point.
At disclosure, a majority of participants stated an initial intention to pursue confirmatory testing as advised; however, even after receiving a follow-up letter reminding them of this suggestion, few participants followed through on their intention. In fact, one-third of all participants decided not to seek retesting at six months postdisclosure. For some participants, this decision may reflect institutional trust, i.e., the results were correct and did not need to be confirmed. Our findings should be replicated in other settings and populations; further, research participants may not fully appreciate the difference between research versus clinical genetic testing results and the need for validating research results. Further investigation that leverages experimental methods and perspectives from health communication may uncover effective ways to convey this message. In addition, some participants' inaction may be due to access barriers. Thus, providing assistance in locating a CLIA-certified laboratory that is convenient to participants and offering to cover the cost of testing that is not covered by insurance may improve confirmatory testing uptake.
The present research's participation and six-month followup rates are moderately high, and is equivalent to, or higher than, previous studies on return of genetic research results. 22, 31, 32 Limited data exist on why research participants accepted or refused offers to receive results. Data based on hypothetical scenarios suggest that individuals who see utility in the results and/or are altruistic are more interested in receiving results while individuals who anticipate negative psychological consequences, such as worry and anxiety, are less interested. 33, 34 Additionally, unpublished data from our group suggest that individuals who view biomedical research and science favorably were more interested in receiving genetic research results. These findings highlight the importance to better understand how to effectively communicate the opportunity of receiving genetic results to research participants.
Research results in this study were communicated by telephone. To ensure participants had accurate information, a summary letter including information about the variant and recommendations for confirmatory testing, cancer screening, and prevention was mailed. To date, no data directly compared outcomes of telephone and in-person return of genetic research results, thus we cannot speculate how the delivery mode may have influenced results. However, in clinical genetic testing, research comparing telephone versus in-person counseling found that telephone counseling is comparable to in-person counseling for outcomes such as satisfaction, psychological reactions, and information recall, and is more cost-effective and accessible. 35, 36 Likewise, our participants reported high satisfaction regarding the disclosure/genetic counseling call 37 (M = 3.51, SD = 0.36 on a 0 to 4 scale) and there was no difference by variant status (p = 0.870). These findings are reassuring given resources for returning research results are often limited. However, future research evaluating the long-term psychosocial and behavioral outcomes of different result delivery modes is needed. This study's strengths include its novelty of returning a genetic research result to consenting adult individuals in highrisk cancer families. We returned results to both carriers and noncarriers of the CDKN2A variant, enabling comparisons. The moderately high participation and six-month follow-up rates are strengths, which limit the potential for selection bias. Additionally, all disclosures were completed by a single individual and all postdisclosure interviews were completed by one of two trained interviewers thereby limiting variation in the disclosures and interviewer bias.
The study's weaknesses include its small, homogeneous sample, which limited our ability to make inferences about diverse populations, or other genes or cancers from the data. Additionally, self-reported behavioral data (e.g., cancer screening) may be influenced by social desirability bias. However, we measured social desirability 38 at predisclosure and the average score was very low (M = 26.4, SD = 24.8, range: 0-100) and did not differ by variant status (p = 0.86). Importantly, social desirability and behavioral outcomes were not significantly correlated (r ranged from 0.002 to 0.205, pvalues were non-significant) suggesting that self-reports of behavior were likely unbiased by the tendency to create a positive impression. Another concern is that because research laboratories are not typically required to adhere to CLIA standards, findings can lead to false positive results that could potentially increase undue worry and stress and false negative results that could potentially hinder cancer detection and prevention. Regarding test results returned in this study, the Mayo Clinic laboratory that performed the genetic analysis was a research core lab in the Medical Genome Facility, aligned with the Department of Laboratory Medicine and Pathology, and the quality of work followed high standards. The risks of false positive and false negative results were deemed acceptable.
In conclusion, while intentions to pursue PC and melanoma screening following genetic research result disclosure were strongly endorsed, a majority of individuals did not carry out the stated intentions, particularly for PC screening. Although carriers were more likely to act upon the results than noncarriers, it appears that for many, a single disclosure and counseling interaction will not be sufficient to motivate appropriate behavioral responses regarding confirmatory testing or cancer screening. Further research is needed to identify specific barriers that interrupt the intention-behavior relationship in this context. These studies should consider including a longer (>6 months) follow-up period to allow more time for behavioral responses. Finally, research is needed that explores whether strategies such as motivational interviewing or setting implementation intentions during the disclosure conversation may prove beneficial. 39, 40 
